Iron in fortified biscuits: A simple method for its quantification, bioaccessibility study and physicochemical quality  by Rebellato, Ana Paula et al.
Food Research International 77 (2015) 385–391
Contents lists available at ScienceDirect
Food Research International
j ourna l homepage: www.e lsev ie r .com/ locate / foodresIron in fortiﬁed biscuits: A simple method for its quantiﬁcation,
bioaccessibility study and physicochemical qualityAna Paula Rebellato ⁎, Beatriz C. Pacheco, Juliana P. Prado, Juliana Azevedo Lima Pallone
Department of Food Science, School of Food Engineering, University of Campinas, Monteiro Lobato Street, 80, Zip Code: 13083-862 Campinas, São Paulo, Brazil⁎ Corresponding author.
E-mail address: paularebe@hotmail.com (A.P. Rebellat
http://dx.doi.org/10.1016/j.foodres.2015.09.028
0963-9969/© 2015 Elsevier Ltd. All rights reserved.a b s t r a c ta r t i c l e i n f oArticle history:
Received 15 April 2015
Received in revised form 18 September 2015
Accepted 20 September 2015
Available online 25 September 2015
Keywords:
Iron
Bioaccessibility
In vitro methods
Biscuit
Physicochemical parameters
QualityIron deﬁciency is one of themost important nutritional problems in theworld. The aims of this studywere to de-
termine the total concentration of iron in order to evaluate its bioaccessibility in biscuits produced with fortiﬁed
ﬂour, check the importance of its contribution to the iron intake and monitor physicochemical parameters such
as moisture, acidity and peroxide value (PV) during 150 days of storage. The simple and cheap method for iron
determination was validated and proved to be adequate. Forty one samples of biscuits including salt water,
cream cracker, cornstarch, and buttery biscuits were analyzed and their iron content were 5.3–7.8; 5.0–8.6;
2.5–6.8; and 3.7–5.7 mg/100 g, respectively. The in vitro assay results varied from 1.2 to 4.3 mg/100 g and
from 0.2 to 2.1 mg/100 g to solubility and dialysis, respectively. There was signiﬁcant difference in total, soluble
and dialyzed iron content among the biscuit types analyzed. The intake of a biscuit portion can contribute from
5 to32.5% of the recommendeddaily intake of iron, depending on the type of biscuit consumed. Lipid content var-
ied from 9.8 to 18.0% for the biscuit types analyzed. In the end of storage timemoisture levels increased 1.5% for
themajority of samples, besides itwas observed thatmost biscuits showed an increase (around 50%) of titratable
acidity after 150 days of storage. The highest PVwas 27.8meq/kg of oil fat for salt andwater biscuit (in 90 days of
storage), 23.3 meq/kg of oil for cream cracker (in 120 days of storage), 22.6 meq/kg of oil for cornstarch
(in 120 days of storage) and 14.1 meq/kg of oil for buttery biscuit (in 60 days of storage), indicating lipid oxida-
tion. Samples with the highest iron and moisture content also presented the highest peroxide value, indicating
oxidation. The consumption of biscuits plays an important role in providing the daily requirement of iron intake.
However, it is necessary to improve the stability and to provide the desired delivery of nutrients without causing
damage to the quality of food and health of the consumers.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Biscuits are consumed by people of all ages. They are produced by
mixing ﬂour and/or starch with other ingredients through a kneading
process, fermented or otherwise, and they may contain different top-
pings, ﬁllings, shapes and textures. Their long shelf life allows large
scale production andwidedistribution.Wheatﬂour is themain ingredient
in biscuit formulations, thus providing a matrix in which the other
ingredients are mixed to form the dough (Gutkoski, Bonamigo, Teixeira,
& Pedó, 2007).
In 2009, 1206 million tons of biscuit were produced in Brazil,
representing the second largest production worldwide. Between 2007
and 2009, the annual consumption per capita of biscuits increased
from 6.0 to 6.3 kg (ANIB, 2014). Biscuits can be classiﬁed according
to their characterizing ingredients or by usage of established names
(ANVISA, 1978).o).In Brazil, the Ministry of Health through the Resolution No. 344
of December 13, 2002, ordered the fortiﬁcation of wheat and corn
ﬂours with iron (4.2 mg/100 g), in order to reduce the risk of anemia
associatedwith the deﬁciency of this nutrient, as these ﬂours arewidely
consumed by the Brazilian population (ANVISA, 2002). In Brazil and
other countries including Chile, South Africa, Guatemala, Venezuela
and Sri Lanka, different iron sources such as ferrous sulfate, ferrous
fumarate, iron-EDTA (sodium iron (Fe3+) ethylenediaminetetraacetic
acid (EDTA)), reduced iron, electrolytic iron and iron glycinate chelate
(ANVISA, 2002), with different bioavailability, can be used for the
fortiﬁcation of wheat and corn ﬂours. The relative bioavailability can
vary from100 to 5 depending on the iron source used in the fortiﬁcation
— to ferrous sulfate, ferrous fumarate and iron-EDTA this values can
vary from 100, 27–200 and 30–390, respectively (Miller, 2002;
Quintaes, Barberá, & Cilla, 2015). Iron fortiﬁcation of foods is the strategy
recommended by health institutions as the most efﬁcient way to com-
bat iron deﬁciency anemia (WHO, 2006).
Soeiro, Boen, Pereira-Filho, and Lima-Pallone (2010) found that the
iron concentrations in Brazilian wheat ﬂours presented higher values
than those recommended by Resolution No. 344. Fortiﬁed wheat ﬂour
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cakes, biscuits and others.
Information about the presence of minerals in diet typically refers
to their total concentrations; however, these methods do not mea-
sure the fraction that can be bioaccessible to the human body. This
fraction is dependent on the elements' forms, on the behavior of or-
ganometallic species and complexes in the gastrointestinal tract, and
on interactions with the food matrix (Khouzam, Pohl, & Lobinski,
2011). The bioaccessibility can be deﬁned as the amount of nutrient
converted to soluble forms in gastrointestinal conditions. It is typi-
cally evaluated using a sequential analysis with artiﬁcial gastric
juice and intestinal juice, and the analysis of soluble fractions
(Khouzam et al., 2011).
The term bioavailability refers to the fraction of a compound or
bioactive nutrient present in a food that is available to be used in phys-
iological functions or to be stored in the organism. Whereas bioaccessi-
bility has been deﬁned as the fraction of a compound that is released
from the food on the gastrointestinal tract and so becomes available to
the intestinal absorption (Benito & Miller, 1998; Fernández-Garcia,
Carvajal-Lérida, & Perez-Galvez, 2009) and is established by performing
in vitro assays.
The in vitro dialysis method is based on the simulation of gastroin-
testinal digestion of food followed by the determination of the amount
of nutrient that crosses a semipermeable membrane that simulates
the intestinal wall (Cámara, Amaro, Barbera, & CLemente, 2005; Kiskini
et al., 2007; Miller, Schriecker, Ramussen, & Van Campen, 1981; Perales,
Barberá, Lagarda, & Farreä, 2006). The in vitro bioaccessibility can
also be estimated by employing solubility tests. In this technique the
gastrointestinal simulation also occurs, however only themineral soluble
fraction is evaluated (Cámara et al., 2005; Sahuquillo, Barberá, & Farré,
2003).
Besides the nutritional aspect, the range of food fortiﬁcation
programs is related to the physicochemical properties that should
be monitored on the vehicle used for the nutrient addition and ﬁnal
product. Huma, Rehman, Awan, Murtaza, and Arshad (2007) found
that during 42 days of storage of ﬂour fortiﬁed with iron lipid oxidation
and rancidity developed, caused by the addition of iron.
Several studies about iron fortiﬁcation on wheat ﬂour are available
on literature, including the mineral's quantiﬁcation, bioaccessability
and bioavailability (Hurrell et al., 2010; Hernández et al., 2006;
Moretti, Biebinger, Bruins, Hoeft, & Kraemer, 2014; Quintaes et al.,
2015; Vitali, Radić, Cetina-Cižmek, & Vedrina Dragojević, 2011). How-
ever, these studies focus on evaluating the different iron forms that
can be employed on ﬂour fortiﬁcation or on the incorporation of vegetal
origin ﬂour as a minerals' source on food. The objectives of this study
were to evaluate the total iron concentration using a simple and cheap
validated method, and its bioaccessibility (via dialysis and solubility
methods) in biscuits available for consumption (commercial), to check
the contribution of this food product to the supply of iron in the
human body and monitor some physicochemical parameters during
150 days of storage.2. Materials and methods
2.1. Reagents and solutions
Analytical grade nitric acid (Synth, Diadema, Brazil), and hydrogen
peroxide (Synth, Diadema, Brazil), were employed. The standards
used were: iron standard solution 1000 mg/kg (Qhemis, Jundiaí,
Brazil), traceable to SRM 136e (NIST, Gaithersburg, USA), certiﬁed
reference material (CRM) of wheat ﬂour, 1567a (NIST, Gaithersburg,
USA), and glucose solution (Merck, Damstadt, Germany). All solutions
were preparedwithwater puriﬁed in theMilli-Q Plus system (Millipore,
Billerica, USA). Qualitative ﬁlter paper of 9 cm diameter was used for
ﬁltering the digested acid solutions.2.2. Equipments
Iron content analyses were performedwith ﬂame atomic absorption
spectrometry (FAAS), Perkin Elmer (USA), model AAnalyst-200, with a
deuterium lamp for background radiation correction, a hollow cathode
lamp, for iron determination (248.3 nm), with air ﬂame (2.5 L/h) and
acetylene (10 L/h), at a temperature of approximately 2000 °C.
Residual carbon content analysis was performed by inductively
coupled plasma atomic emission spectrometry (ICP-OES), Perkin
Elmer (USA)model Optima 2000 DVwith axial conﬁguration. The oper-
ational parameters were: plasma power: 1300 W; gas ﬂow: 15 L/min;
observation height: 15 mm; auxiliary gas ﬂow: 0.2 L/min; view: axial;
sample introduction ﬂow: 1.5 mL/min; nebulizer ﬂow: 0.60 mL/min;
and atomic emission line (nm): CI = 193.030.
The samples were grounded using a grinder (Model A11 — Ika,
Germany) and weighed on an analytical balance (model AP210-0 —
Ohaus, Japan). A block digestor (Model M242 — Quimis, Brazil) was
used for the mineralization of the samples, and an ultrasonic bath
(model 1510— Branson, Brazil) was used to enhance sample solubiliza-
tion for the transfer of the digested material. pH meter (Tecnal, Brazil),
centrifuge (Excelsa II, Fanen, Brazil), lyophilized (LS, Terroni, Brazil)
and metabolic bath (Dusnoff, MA 093, Marcone, Brazil) were used for
in vitro assays.
Air oven for sterilization and drying (model 400-3ND— Nova Etica,
Brazil) was used for the determination of moisture; Wagner type
agitator for laboratory tubes (model MA 160/50/CF —Marconi, Brazil)
was used for lipid extraction.
2.3. Samples
The biscuit samples were purchased at supermarkets located in the
city of Campinas— SP, Brazil. For the analysis of iron content, 41 samples
were evaluated. Cream cracker, salt water, and cornstarch biscuit
samples from four different brands, with each divided into three distinct
batches, were analyzed. The buttery biscuit samples were composed
of two brands, with one brand containing two batches and another
composed of three batches. Each batch consisted of ﬁve packages,
with 100 g of biscuits taken from each package, which were then
crushed and homogenized. The main brands sold in the Brazilian
market were chosen for the analyses. To the in vitro assay, for bioacces-
sibility estimative, one sample of each biscuit brand was chosen. All the
analyses were performed in triplicates. Moisture, acidity and peroxide
value were examined monthly for 150 days, during biscuit storage.
The total lipid was measured only at the beginning of the experiment.
2.4. Iron determination and bioacessibility estimative
0.60 g of each sample typewasweighed into digestion tubes, 8ml of
nitric acid and 2ml of hydrogen peroxide (30%)were then added. Small
funnels were positioned on the tube to maintain a reﬂux. The tubes
were heated for 2 h at 110 °C. After cooling, 5 ml of water was added
to the tubes and subjected to ultrasonic bath for 5 min. The tubes'
contents were transferred to 50 ml volumetric ﬂasks, and the volume
was completed with water. The samples were ﬁltered in paper ﬁlters
and stored in a polypropylene vial for determination of the iron content.
The solubility method described by Cámara et al. (2005), with mod-
iﬁcations, was applied to evaluate soluble iron in biscuits. Five grams of
each biscuit was homogenized with 30 mL of deionized distilled water,
and the pH was adjusted to 2.0 with 6 M HCl. In order to develop the
pepsin–HCl digestion, 0.65 mL of pepsin solution (1.6 g of pepsin,
P-7000, from porcine stomach, (Sigma Chemical Co.St., Louis, USA) in
10 ml of HCl 0.1 M) was added. The mixture was then incubated for
2 h at 37 °C in a shaking water bath. To stop simulation of stomach
digestion, the sample was maintained for 10 min in an ice bath. Prior
to the simulation of intestinal digestion step, the pH of the gastric
digests was raised to 5 by drop-wise addition of 1 M NaHCO3. Then
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was continued up to 2 h. (0.4 g of pancreatin, P-7545, from porcine
pancreas and 2.5 g of bile salt B-8631 porcine, Sigma Chemical Co.,
St. Louis, USA) in 100 mL of 0.1 M NaHCO3. To stop the simulation of
intestinal digestion the samplewas kept for 10min. The pHwas adjusted
to 7.2 by drop-wise addition of 1.0 M NaHCO3. Of the digested sample
were transferred to polypropylene centrifuge tubes (50 mL) and centri-
fuged at 3500 g for 30min at 4 °C. The supernatants (solubilized fraction)
were lyophilized and stored for determination of the iron content.
The dialysis method described by Perales et al. (2006), with modiﬁ-
cations, was applied to estimate dialyzable iron. Dialysis comprised a
gastric step, common to that of the solubility method, followed by an
intestinal step where dialysis is included (dialysis bag: molecular
weight cut-off from 12,000 to 16,000 and porosity of 25 Å, Inlab, São
Paulo, Brazil). The dialysis bag (containing 25 mL of water and an
amount of NaHCO3 equivalent to the titrable acidity (previously mea-
sured) was placed in the ﬂasks, together with 35 g of aliquots of the
pepsin digest. Incubation was continued for 30 min, the pancreatic-
bile salt mixture (6.5 mL) was added, and incubation was continued
up to 2 h. After incubation, the segments of dialysis bag were removed
from the ﬂasks, washed and lyophilized. The remaining material in the
ﬂask (insoluble) was also stored.
The iron content, solubilized fraction and dialysatewere analyzed by
FAAS, as described above. Samples with concentration values equal or
below the method pre-established quantiﬁcation limit were analyzed
by the insoluble material obtained on the dialysis assay and the soluble
fraction value was obtained by the difference between the total value
and insoluble iron.
2.5. Total lipid, moisture, titratable acidity and peroxide value
Fat fraction was obtained according to Bligh and Dyer (1959).
Moisture content was determined according to AOAC (2006). Titratable
acidity was carried out according to Pizzinatto (1999). Acidity was
expressed inmLof NaOH0.1mol/L solution by 100 g of biscuit. Peroxide
value was obtained according to AOCS (1997), with adaptations
described by Silva et al. (2010). The analyses were made directly in
fat fraction (micelle with chloroform) resulting from the extraction
procedure described by Bligh and Dyer (1959). Peroxide value in
milliequivalent of peroxide per kg of oil (meq/kg of oil) was calculated
using the equation described by AOCS (1997).
2.6. Analytical method validation for iron determination in biscuits
Validation process of the FAAS technique based method was
performed according to Eurachem Guide (1998) and the International
Conferenceof Harmonization (ICH, 1996) regarding accuracy, selectivity,
precision, recovery, linearity, detection (LOD) and quantiﬁcation (LOQ)
limits using the experimental setting that provided optimal conditions.
The assay was validated with selected CRM (wheat ﬂour, 1567a
NIST, Gaithersburg, USA) to assess accuracy. Accuracy was expressed
as the percentage difference between the measured concentration and
the assigned value to CRM. Acceptance criteria for accuracy and pre-
cision based on rules of the ICH (1996) were as follows: the mean %CV
could not exceed ±10%. The recovery was performed at high level
(100%) by the addition of iron standard to the biscuit samples in
known quantities. Analyte recovery percentages near 100% were con-
sidered satisfactory. Sensitivity of iron determination at a speciﬁc
analytical line was expressed by the slope of the linear regression equa-
tion. Linearity was assessed by the correlation coefﬁcients of calibration
curves and was considered acceptable when r ≥ 0.9995 and analysis of
graph of residual values.
Detection and quantiﬁcation limits were calculated based on the
calibration curve. Both limits were expressed in mg of iron 100 g of
sample biscuit. To verify the efﬁciency of themineralization step, deter-
mination of residual carbon was evaluated (Gouveia, Silva, Costa,Nogueira, & Nóbrega, 2001). A standard glucose solution of 100 g/L
(12.5 g ± 0.01 g C6H12O6, Merck, Damstadt, Germany) was prepared
and the calibration curve was arranged at these points: 0.05%, 0.1%,
0.2%, 0.4% and 0.5% of carbon. Standard solutions and samples from
each biscuit type after the mineralization process were analyzed using
ICP-OES. The sample introduction system consisted of a quartz cyclonic
chamber nebulizer and aMiramist nebulizer.
2.7. Statistical analysis
The means obtained for each batch of the same brand, and between
different brands, were compared by variance analysis (ANOVA) and
Tukey's test (p b 0.05). All statistical analyses were made using the
Statistica 7.0 software package (Statsoft, USA). The data obtained on
the physicochemical evaluation were also submitted to Principal Com-
ponents Analysis (PCA). The PCA was performed using Piroutte 3.11
software (Infometrix, Inc., Bothell, WA).
3. Results and discussions
3.1. Validation of a simple method for the analysis of iron in biscuits
For the samples investigated in this study, tests using the ofﬁcial
iron quantiﬁcation method were made but it was not possible to obtain
a clear solution necessary for the analyses. Problems with interfer-
ences and other limitations of the ofﬁcial method based on 1,10-
phenathyroline complexation (Cunniff, 1997) have been discussed
in literature (Ampan et al., 2002). The method described by Doner
and Ege (2004) was tested for the samples evaluated in this study
but satisfactory results were not obtained, as the ﬁnal solution pre-
sented precipitate and high residual carbon, generating high varia-
tion coefﬁcient among the repetitions. The method proposed in this
study has a low price and simplicity, without the use of organic
solvents. The method was validated according to the analytical
method validation guidelines.
Six calibration curves were constructed for assessing the linearity
(0.2–2.6 mg/L) and the equation obtained was y = 0.0565× + 0.0026.
The correlation coefﬁcients of the calibration curve were considered
acceptable (r N 0.9995). The residues' graph was plotted and follows a
normal distribution around zero, thus showing that the method is free
from bias. Sensitivity was considered adequate for the iron determina-
tion in biscuit samples. The estimated values for the limits of detection
and quantiﬁcation were 0.4 mg/100 g and 1.3 mg/100 g, respectively.
Accuracy using certiﬁed reference material was expressed with a
conﬁdence interval of 95% and the average value was 14.2 ± 0.4 μg/g.
The CRM value according to NIST is 14.1 ± 0.5 μg/g. Therefore, the
value iswithin the conﬁdence interval. For precision evaluation, average
values of the variation coefﬁcient for each type of biscuit varied from
3.7 to 5.9% (b10%). The intermediary precision was evaluated through
single factor Variance Analysis (ANOVA) at a conﬁdence level of 95%,
and the calculated F values were lower than the tabulated F value
(3.55) for the four types of biscuits. The recovery rates for the different
types of biscuits were: 109% (salt water), 108% (cream crackers), 108%
(cornstarch), and 105% (buttery). Horwitz (2002), in a document from
the Association of Ofﬁcial Analytical Chemists (AOAC International),
presents range from 80 to 115% of variation as acceptable recovery
values in concentrations of 10 μg/g. The values obtained for residual
carbon in all types of biscuits were equal to 0.2%, showing that the
mineralization system is efﬁcient for the matrix under study.
3.2. Iron content in biscuits and estimated bioaccessibility
Table 1 shows that iron content in biscuits ranged from 2.5 to 8.6
mg/100 g. There is statistically signiﬁcant difference in the iron contents
between batches of the same brand. The brands of the batches B(1),
C(1), D(1,2,3), E(3), F(3), G(1), H(1) and M(2) presented signiﬁcant
Table 1
Iron content in Biscuits produced in Brazil.
Salt water Cream cracker Cornstarch Buttery
Batch Brand Mean ± t (95%) Brand Mean ± t (95%) Brand Mean ± t (95%) Brand Mean ± t (95%)
1
A
6.6 ± 0.5a
E
7.3 ± 0.4b
I
6.8 ± 0.3a
M
5.7 ± 0.2a
2 6.4 ± 0.4a 7.5 ± 0.5b 5.3 ± 0.3a 3.7 ± 0.3b
3 6.4 ± 0.4a 8.6 ± 0.8a 4.1 ± 0.3a
1
B
5.3 ± 0.4b
F
5.4 ± 0.3b
J
5.4 ± 0.4a
N
4.1 ± 0.4a
2 6.9 ± 0.5a 5.7 ± 0.7b 5.2 ± 0.1a 4.0 ± 0.3a
3 7.3 ± 0.3a 6.7 ± 0.2a 5.4 ± 0.3a 4.3 ± 0.3a
1
C
5.3 ± 0.4b
G
6.3 ± 0.2b
K
3.9 ± 0.2a
2 5.5 ± 0.5ab 6.6 ± 0.3ab 4.1 ± 0.4a
3 6.1 ± 0.5a 6.7 ± 0.4a 4.1 ± 0.2a
1
D
6.7 ± 0.7b
H
5.0 ± 0.2b
L
2.6 ± 0.3a
2 7.8 ± 0.7a 5.5 ± 0.1a 2.5 ± 0.4a
3 7.1 ± 0.5ab 5.5 ± 0.2a 2.5 ± 0.3a
Values (mg/100 g) are mean (n= 6)± conﬁdence interval of 95% (t(n − 1).s / √n). Values followed by the same superscript letters in column are not signiﬁcantly different (p b 0.05) for
batches from the same brand.
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is difﬁculty in producing homogeneous batches of biscuits.
Variance analysis (ANOVA) and Tukey's test (p b 0.05) were also
performed to verify the difference between the biscuit types studied,
and it was veriﬁed that brands A and B; J and I; and M and N, of types
of biscuit salt water, cornstarch and buttery did not present statistical
difference from each other. This fact can be explained by the lack of
homogeneity in the process of adding iron to the ﬂour. Boen, Soeiro,
Pereira-Filho, and Lima-Pallone (2007, 2008) evaluated the iron content
in different samples of ﬂour produced in Brazil using the FAAS
technique, and found a range from 4.1 to 10.0 mg/100 g in 30 samples,
and from 2.5 to 10.0 mg/100 g in 70 samples of wheat and corn ﬂours.
Soeiro et al. (2010) observed that the concentration of iron in
Brazilian wheat ﬂours presented variations from 5.1 to 9.4 mg/100 g.
Iron content in cornstarch biscuits did not present statistically signiﬁ-
cant difference. This observation can be explained by the difference in
the manufacturing processes between salted and semi-sweet biscuits.
The proportion of ingredients is another factor that may alter the ﬁnal
composition of the biscuits.Fig. 1. Total, soluble and dialyzable iron content in biscuits. Each value represents the mean ±
cracker; I, J, K, and L: cornstarch; M and N: buttery. Same letters above columns indicate that dIn vitro assays (solubility and dialysis) were made for each biscuit
type, as showed in Fig. 1. The total iron content on the evaluated biscuit
samples varied from 2.5 to 8.6 mg/100 g, corresponding to L and E
brands, respectively. Solubility and dialysis percentage varied from
20.6% (D) to 79.9% (H) and 4.1% (M) to 51.2% (N), respectively.
The statistical analysis indicated that for most samples there was no
signiﬁcant difference (p N 0.05) in the total iron content of different
types of biscuit, samples A, B, C and D; E, F and H; I, J, L, M and N. To
the solubility assays it was veriﬁed that there was signiﬁcant difference
(p N 0.05) in most samples. The results obtained on the dialysis assay
indicated that part of the samples did not present signiﬁcant results
(p N 0.05), as showed in Fig. 1.
Moreover, it was observed that sample E, with the higher total iron
content (7.8 mg/100 g), presented 3.5 mg/100 g of soluble iron and
2.1mg/100 g of dialyzed iron, i.e., 45.2% of the iron present on thebiscuit
was solubilized while only 26.6% of the soluble fraction was available to
be absorbed in the organism. The sample H presented 5.3 mg/100 g of
total iron in its composition, 79.9% of this value was in the soluble
form and only 26.6% in the dialyzed form. Furthermore, sample L hadSD of four determinations. Biscuit samples A, B, C, and D: salt water; E, F, G, and H: cream
ata are not signiﬁcantly different (p b 0.05) for brand from the same type of biscuits.
Fig. 2. Peroxide values (meqH2O2/Kg oil) in biscuits samples during storage period. Biscuit sample A, B, C, andD: saltwater; E, F, G, andH: creamcracker; I, J, K, and L: cornstarch;M andN:
buttery.
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uble and dialyzed iron, respectively.
The in vitro assay, estimated based on soluble iron content, present-
ed an average value of 50.6% in the evaluated biscuits, what is consistent
with data obtained by Vitali, Vedrina Dragojević, Sebecić, and Vujic
(2007), who investigated the total and soluble iron content of biscuits
made with reﬁned wheat ﬂour and/or added with different wholemeal
ﬂours and veriﬁed that the soluble fraction varied from 26 to 59%. The
biscuit made only with reﬁned wheat ﬂour presented total iron content
of 0.66 mg/100 g and 0.39 mg/100 g of soluble iron, which represented
59% solubility. Comparatively, biscuits studied on the present study,
presented values that varied from 20.6% to 79.9%. The results also
agree with Vitali et al. (2011)who obtained solubility values that varied
from 24 to 54% of soluble iron, depending on the ﬂour type (wheat, soy,
amaranth and carob ﬂours) used on the biscuit elaboration.
The results obtained on the dialysis assay presented values above to
those obtained by Bernardi, Drago, Sabbag, Sanchez, and Freyre (2006)
that developed a cookie formulation containing algarrobo pulp (AP)
with the objective to increase iron availability. The authors found iron
contents of 10.5 ± 0.38 and 3.0 ± 0.25 mg/100 g to AP and AP cookies,
respectively. To iron dialyzabilities the encountered values were 2.4 ±Fig. 3. Principal Components Analysis for quality parameters of commercial biscuits; (a) Loading
water; E, F, G, and H: cream cracker; I, J, K, and L: cornstarch; M and N: buttery.0.6 (%) to AP; in AP cookies no content of dialyzed iron was detected.
According to the authors, it could be due to some interactions between
ingredients and iron in the insoluble form generated during baking. An
explanation to superior results obtained on the dialysis assay for com-
mercial biscuits fortiﬁed evaluated in the present study can be related
to the chemical forms of iron used on ﬂour fortiﬁcations that are more
efﬁcient on the absorption than iron sources of vegetal origin.
The variation observed on the in vitro assays on the present study is
possibly related to the iron source used during wheat ﬂour fortiﬁcation.
In Brazil and other countries wheat ﬂour fortiﬁcation has been made
since 2002 and there are several types of iron allowed for addition
with different physicochemical and bioaccessibility properties. Cámara
et al. (2005) evaluated the bioaccessibility of different minerals (Ca,
Fe, Zn and Cu) in school meals comparing in vitro methods (dialysis
and solubility), verifying that there was not signiﬁcant correlation
betweenmethods. Thismeans that themineralwith the highest solubil-
ity was not the one with the highest dialysis percentage. The same was
observed on the evaluated biscuit samples. Depending on the mineral
form utilized, as well as the size of the iron particle utilized, themineral
may present different behaviors during the absorption simulation on
the human organism.graph (variables) and (b) scores graph (biscuit sample). Biscuit sample A, B, C, and D: salt
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According to a survey done by the National Association of Biscuits
Manufacturers (ANIB, 2014) there has been an increase in the consump-
tion of biscuits in Brazil; in 2013 consumption was 8.48 kg/person/year.
Table 2 informs the iron dietary reference intake (DRI) for adults,
1–6 years old children, 7–10 years old children and pregnant women
(ANVISA, 2005). It also informs the contribution of the evaluated
biscuits in relation to this recommended iron intake. Based on these re-
sults, evaluating the amount of iron available for absorption represented
by the dialysis assay, it is veriﬁed that approximately 25% of the total
iron present on the samples are available for absorption, contributing
to attending the DRI.
Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geograﬁa e Estatística — IBGE, 2008–2009) data indicate that house-
holds with an income of up to US$ 413.00 monthly use 27% of that
amount on food, with 2.6% for the consumption of biscuits, while fami-
lies with an income higher than US$ 3100.80 spend 11.7% of their
income on food, and 1.3% is used for the consumption of biscuits. It is
known that the consumption of a daily portion of biscuit contributes
considerably to the required daily iron intake, and for higher income
families the purchase of biscuits can be considered as a more effective
alternative source for iron intake.
3.4. Total lipids, moisture, titratable acidy and peroxide value in biscuits
during storage
Lipid content varied from 9.8 to 18.0%, 10.4 to 14.4%, 10.4 to 14.0%,
13.7 and 17.8% for salt andwater, cream cracker, cornstarch and buttery
biscuits, respectively. All values were in accordance to biscuits' labels.
For fresh biscuit the average moisture levels for salt water biscuits
were found to be about 2.4 to 5.8%. For cream cracker moisture levels
varied from 3.1 to 5.3%. For cornstarch and buttery biscuits moisture
levels ranged from 1.8 to 3.8% and 2.6 to 3.5%, respectively. In the end
of the storage period these levels increased 1.5% for the majority of
samples. Fresh samples presented acidity levels ranging from 2.1 to
6.4 mL/100 g of biscuit, 1.9 to 3.0 mL/100 g, 1.5 to 2.6 mL/100 g, 1.5 to
3.3 mL/100 g for salt and water, cream crackers, cornstarch and buttery
samples, respectively. It was observed that most biscuits showed an
increase (around 50%) of titratable acidity after 150 days of storage.
Brazilian legislation (ANVISA, CNNPA, n. 12th, 1978) establishes that
the maximum moisture levels on biscuits should not exceed 14% and
provides that the acidity should not exceed 2.0 mL/100 g biscuit. For
moisture levels all samples analyzed were in accordance to the legisla-
tion until the end of 150 days of storage. For acidity only one sample
of cornstarch biscuit presented acceptable acidity according to the legis-
lation until the end of the storage time, 150 days. All other sampleswere
disapproved. Note that this parameter is intended to maintain the
biscuit quality during its shelf life.
Lipid oxidation during the storage of food products can compromise
its quality and determine different shelf life periods. Food products rich
in poli unsaturated fatty acids can oxidize with the formation of perox-
ides, among other products (Addis, 1986). During the biscuit's storage
period an increase of the peroxide value (PV) occurred inmost samples.
The highest PV was 27.8 meq/kg of oil fat for salt and water biscuit
(90 days of storage), 23.3 meq/kg of oil for cream cracker (120 days ofTable 2
Representation of percentage of contribution of biscuit consumption of iron intake
(dialyzable iron).
Groups DRI Iron (mg) % Dialyzable Iron
Adults 14 9.5–14
Children (1–6 years) 6 23.5–32.5
Children (7–10 years) 9 22–25.5
Pregnant women 27 5–7.2storage), 22.6 meq/kg of oil for cornstarch (120 days of storage) and
14.1 meq/kg of oil for buttery biscuit (60 days of storage), indicating
lipid oxidation. PV behavior during the evaluated storage period is pre-
sented on Fig. 2. According to Daglioglu, Tasan, Gecgel, and Daglioglu
(2004), a PV of 10 meq O2/kg is considered high. In Brazil and other
countries a similar value is cited for oils and fats (ANVISA, 2004). As
can be seen on the presented graphs, some samples (A, E, G, J and
N) presented PV higher than 10 meq O2/kg. The observed differences
are due to the different formulations tested (brands) of distinct manu-
factures. These observations are very important for quality analysis of
biscuits prepared with ﬂour fortiﬁed with iron. Umesha, Sai Manohar,
Indiramma, Akshitha, and Akhilender Naidu (2015) evaluated physical,
sensory and storage quality characteristics of biscuits enrichedwithmi-
croencapsulated omega-3 fatty acid and veriﬁed the PV increased to a
maximumby the 4thmonth anddecrease by the5thmonth. The control
sample's PV values varied from 3.4 to 44.4meq/kg of oil and from 2.8 to
45.6 meq/kg of oil to the sample enriched with microencapsulated
omega-3 fatty acid. The authors explained that this change in PV could
be due to the utilization of headspace oxygen within the packing
pouch at initial months.
The means obtained for each analyzed parameter for each batch of
the same brand, and between different brands, were compared by an
analysis of variance (ANOVA) and Tukey's test (p b 0.05). ANOVA and
Tukey's test (p b 0.05) indicated a statistically signiﬁcant difference
between the brands for most of the examined biscuits.
3.5. Principal component analysis (PCA)
Principal components analysis (PCA) was used to explore the
obtained results in order to verify the relation between the measured
variables and groups among the evaluated samples.
The results for the 5 parameters (total lipids, moisture, titratable
acidy, peroxide value and iron) in the 14 samples (one sample of each
brand of biscuit) were evaluated by PCA. A (5 × 14) data matrix was
constructed using the parameters as columns and the samples as
rows. The data were auto-scaled because the elements' concentrations
were of different orders of magnitude. The loadings of the original
variables on the ﬁrst two principal components and the variances
explained by each principal component are shown in Fig. 3(a). The
data were modeled considering the ﬁrst two components because
they described 68.9% of the total variance.
The dominant variables for theﬁrst principal component (PC1)were
acidity and total lipid and these variables represented 39.5% of the total
variance. All ﬁve parameters contributed to the variability shown in the
samples andwere positively correlated, except peroxide value. The sec-
ond principal component (PC2) accounted for 29.4% of the total vari-
ance with moisture, iron and peroxide value as the dominant variables.
Samples that presented the highest moisture and iron values also
presented the highest peroxide values. This indicates that the fortiﬁca-
tion ofwheatﬂourwith iron,when used to produce biscuits, contributes
to oxidative processes during the storage and alters the physicochemi-
cal quality of this food product.
On the score graph in Fig. 3(b), it is possible to observe that the sam-
ples differed between themselves, mainly in lipids and peroxide values.
Sample B presented the highest values of acidity and peroxide. Samples
A, G and J, even not representing different types of biscuits, were char-
acterized by higher peroxide values, while samples K and L represent
the smallest peroxide values. It is possible to verify that biscuits of the
same type did not present similar physicochemical properties, as each
company has different formulations with its own characteristics for
each brand of biscuits.
4. Conclusions
The method used for the determination of iron content in biscuits
produced using iron fortiﬁed ﬂour showed appropriate values for
391A.P. Rebellato et al. / Food Research International 77 (2015) 385–391repeatability, precision, accuracy, and recovery. The iron levels found in
the biscuits demonstrated that the fortiﬁcation process of ﬂour resulted
in increased iron concentrations in Brazilian biscuits. However, through
the dialysis assay itwas possible to verify that on average 25% of the iron
present on the tested samples is available to be absorbed by the human
body. The type of iron used on the fortiﬁcation should receive special at-
tention, as the sample with the highest iron content was not the one
with the highest dialyzed iron source. There is a signiﬁcant difference
between batches of the same brand, and between brands of the same
type of biscuit.
We found that there was variation of physical–chemical parameters
(moisture, acidity, peroxide value) during the storage of biscuits
through a period of 150 days. The biscuits made with fortiﬁed ﬂour
with iron analyzed in thisworkdid not present adequate acidity for con-
sumption during the allowed shelf-life and presented lipid oxidation.
Through principal component analysis it was possible to verify that
the sampleswhich presented the highermoisture and total iron content
also presented the higher peroxide index, indicating oxidation. The con-
sumption of biscuits plays an important role in supplying the iron
requirements for the Brazilian population. However, it is necessary to
improve the stability of the biscuit constituents, in order to maintain a
uniform standard of quality for the whole storage period, providing
the expected nutrient intake, without damage for the quality of this
food and health of the consumers.
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